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Recent developments in cognitive psychology arm^rtificlal 
Intelligence have resulted in a new kind of model for conceptual 
processihgy called, procedural semantics . In this report, a framework 
is lai^ for th^ application' of the procedural semantics formfiSrism' 
to the ^analysis of conce^ptually-driven proc'^^3lng in reading. Accord- 
ing to this theory', two different types of conceptual processing units 
(called schema ta V are responsible for conceptually-driven processing 
in reading. One type is the form-schema, which accounts for the syntac-. 
tic or formal expectations which people make use of in text processing'^' 
The other type is the content-schema-7 which accounts for the nature of 
readers* semantic expectations. Models for a SDiall number of- speci fie 
form- and content-schemata are proposed, and certain experimental and 
/Observational evidence . isexplained in terms of these models. 

Implication's for effective strategies for adult reading are 
derived from the premises of the model. Several .di-fferent kinds of 
reading strategies are characterized in terms of the model. When 
readers employ s4.ngle-pass strategies, they process the text in a 
strictly linear-, left-to-right fashion. This approach makes minimal 
use of the potential- for coaceptually-d'tiven processing that could be 
achieved through the activation of some high-level schemata. In 
exhaus tive multi-pass processing, the first pass results in the activa- 
tion of a number . of form- and content-schemata which can serve as an 
aid In subsequent' pas^ses , driving expectations about the form and 
meaning of what is about t'o be read. This technique can often be 
wasteful of -resources , since it does not isctively direct processing . 
toward what is mogt important or least well understood. Extractive 
multi-pass processing reflects a more efficient strategy for reading 
an entire text. By using this technique, a reader "skims" the text in 
a s§4.ecti^e way on repeated passes, buildihg up such a complet-e under- 
standing of the meaning of the text that the final reading of the text 
is often a process of merel^ filling in the gaps in understanding. 
This technique is ofXen effectively used by graduates of adult reading 
improvement classes. Selective multi-pass strategies characterize the 
reading of those who know what it is they want to know, and who are 
under no constraint to learn all that might be learned from a text. 
In this type of text processing,- the reader begins • the . task with the ■ 
intention of acquiring some specific information. As a result, a 
number of specific content-schemata are activated and are used .to guide 
the order and the selection'of those portions of the text to be 
processed. ^ 

Several potential applications are suggested by the con- 
sequences of the theory for conceptually-driven 'processing in reading 
presented here^ These include possible uses for headings in texts, o 
means for constructing advance organizers for texts, and training 
• readers to make mor>e effective use of texts by being sensitive to \^ 
their motivating tasks and by exploiting their capacities for generating 
expectations about the meaning of the texts through conceptually-driven 
processing. 
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SUMMARY ' 



Current research on reading is hampered by the lack of 
a frame'work within which to study the effects or a reader Is prior 
knowledge on liis- dr her processing of ~^n imfamiliar text. As a 
re^lt, most reading research has emphasized perceptual ra-ther than 
conceptual processing during reading. Evidence is citecj in support 
of the _claim that various types of prior knowledge play important 
roles in 'understanding during text processing. ' • ^ 

Recent developments in cognitive^ psychology and artificial 
intelligence have resulted in a new kind of model for conceptual 
processing, called procedural semantics . ^.In fhis report, a framework 
is laid for the application of the procedural semantics formalism 
to the analysis of conceptually-driven processing in reading. Accord- 
ing to this theory, two different types of conceptual processing units < 
(called schemata. ) are responsible for conc^tually-driven processing 
in reading. One type is the form-schema, which accounts for the syntac- 
. t'ic or formal expectations^ which people make use of in text prgcessing. 
The. other type is the eContent-schema, which accounts for the nature of 
readers* semantic expectation3 . Models for. a*^ small number of specific 
form- and content- schemata are proposed, aadv certain experim^tal and 
observational e,vidence is explained in terms of these models. 

"Implications for effective strategies for adult reading are 
derived from the premises of the model. Several different kinds of . 
reading strtategies are characterized in terms of. the model. When 
readers employ single-pass strategies, they process tne text in a 
strictly linear, left- to-right fashion. This approach makes minimal 
use of the potential for conceptually-driven processing that could be 
achieved through the activation of some high-level schemata. In 
exhaustive multi-pass processing, th^ first pass results in the activa- * 
t ion of a number of form- and content- schemata which can serve as an 
aid in subsequent passes, driving expectations about' the form and » 
meanin-g of what is about to be read, This 1:echnique can often be • 
wasteful of resources, since *it "does not actively direct processing 
toward what is .most important or Iteast well unders tpod . Extractive 
multi-pass processings reflects a more efficient strategy for reading 
an entire text. By using this technique, a reader ''skims" the text in-- 
a selective way bn repeated passes, buildiv.g up such a complete under- 
standing of the meaning of the text that the final reading of the text 
is often a process of merely filling in the gap% in understanding. 
This technique is often effectively used -by graduates of adult reading 
improvement classes. Selective multi-pass - strategies characterize the 
reading of those who know what it is they waat to know^ and who are 
under no constraint to learn all that might be learned from a text. 
In this type of text processing, the. reader begins the task with the 
intention of acquiring some Sfiecific information. As a resulc, a 
number of specific content-schemata are activated and are used to guide 
the ordei and the selection of chose portions of the text to be 
processed.^ 



• L- 



Several potential applications are suggested by the 
consequences', of the. theory for, qonceptually-dri'ven processing in 
reading presented here. These include possible uses for headings in 
texts, means for constructing advance organizers ifor texts, and train 
ing readers to make more effective use of texts by being sensitive 
to their motivating tasks and by exploiting their capacities for 
generating expectations about the meaning of. the texts through concep 
tualty-driven processing. ' ... ^ • 
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ON COGNITIVE STRATEGIES FOR 
PROCESSING TEXT 



Introduction - ' ^ 



V.J feel a strong need for some kind of model, or theory, o2 
learning from tfixc, to counter the current sterile empiricism in this 
field, by giving direction to research, ^.nd to deal systematically with- 
the characteristics of different kinds of information in the text 
itself. / ^ • * . 

Text is a linear string of symbols o^,gariized, by, spacing, 
into characters, words, sentences, paragraphs, and 'higher order sub- 
divisions. A small set of characters can form an enormous number of 
words, but only a small set of these is used in any one text. Words 
can be combined to form^ an infinite number of physically different sen- 
tences, but there are only' a -few commonly used rules for determining sen- 
s 

tence structure. Patterns of characters and patterns of words recur 
over and over in words and in sentences. But, evdry piece of text is 
different from every- othe^ piece, making it difficult to specify and 
to control stimulus parameters. 

There is little doubt that the familiar patterns of letters 
in words (AldernlV & Smith, 1971), and of wards in sentences facilitate 
text-processing tasks. TamVliar structure allows prediction of elements 
in the structure. Letters of familiar, words .can be read out of memory^ 
after^a glance at the printed \*ords. Travers (1973) showed that "...word 
orVlarge segments of words, /are habitually prtyc^ssed in parallel, while 
ra'ndom strings are processed as a series of individual letters or small 
chunks.'' .<p. 109). The familiar structure 'of sentences permits pte.- 
diction of classes of . words -coming next; nouns, adjectives, verbs, 
connectives, and the like (see Kolers, 1970; Stevens & Rumelhart, 1975; , 



Weber, 1970). The readability of the poeo \*Jabbervocky*' is a tribute 

to the facilitative effect of normal sentence structure, consunicated 

in this case by the presence of particular "function words" (such as 

preposi^tions and determiners) and by morphological affixes (such as 

tense endings, plural markers, and the like). Paragraph structures 

are much looser, indeed, almost arbitrary in comparision to sentence 

structures, which, in turn, are more flexible than word structures. 

Loose though such structures may be, however, readers are .sensitive 

to aberrations in paragraph structures. Meyers & Boldrick (1975)^ for 

'example, showed that randomly rearranging the order of half of the 

sentences 'n a text resulted ina severe deterioration of subjects' 

abilities to recall the stories later. But, suppose that soma sentences 

were anomalous 'in terms ^of meaning; the wrong subjects for the verbs 

and objects — the locomot^ive drew a picture of a cow. This Introduces 

semantic "scrambling" without ' topographic disorder. Marslen-Wilson & 

Tylei;. (1976) describe the effects of this treatment on recall. Or, 

suppose one sentence in the paragraph was not related to the topic of 

the paragraph. Bransfopd & Johnson (1973) demonstrated the effects of 

this kind semantic scrambling on memory for the information in the 

paragraph. ; j . , 

^ We 'are saying there must be some kind of top-down .processing 

. % ^ , ' i - 4 ' . - 

that is predicting detailed levels from higher, structure, and that 
occurs in parallel with the bottom-up' processing that synthesizes words 
from letters, sentences from words, and paragraphs from sentences. 
Bottom-up processing has been almost exclu:>ively- emphasised in* theories 
about reading. 

If the levels of tej^t prbcessing task^- — from processing. 



^ letters, to processing words, to ,>rpcessing sentences--were .combined 
in appropriate ways with the levels o*f scrambling text— from letters 
in words to words in sentences . f " senronces in paragraphs, then it is. 
likely that discont inuit n dependent measures that wc'lfl 

indicate that at leasL ( Locesses were running in paral 

• Rumelhart (in press) has ^advanced an interactive modeJL of 
reajding that describes in some detail mechanisms for interactive top~dow?$?/ 
bottom-up processing.- Noteworthy are examples he cites of how top-down 
processing can influence bottom-up processing, his -paraillel . processing 
mechanisms, and his quantif ication of thie interaction between the two 

sets of i^arallel processes as a multiplicative relationship between 

■ * . *■-.■"..* . \- . ■ 

direct evidence;, and contextual evidence for hypotheses that drive pro- 

• ■ ^ . . ^' . ' • . ; /■ ■. \ • 

ceiasing: . • . . . ^ 

. ; ; ■ • " ■ Si - Vi . B.. ■ , . ,■ . - 

*The values ot and Bj.^ are, determined in terms of mixtures of higher 



that 



"Keeps a running list of hypotheses ^.bout the - 
nature of the input string. Eaph knowledge source 
constantly scans the message center .for the appearance 
of hypotheses* relevant to its own sphere of knowledge. 
■ Whenever such .a hypothesis enters the message center 
.'the .Jmowledge**source -in question evaluates the hypo- 
thesis in light of its own speci^ized knowledge. 



level (parent)Vsame level (right and left sisters) and lower-level 
(daughter)' hypotheses prevailing -at any one time. 

^The following figures from Rumelhart suggest some of the " , ; 

features of his model. . 

The pattern synthesizer in Figure 1 contains* a message center . / 
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,•■ '^Figure 1, ■ , ■ 

stage representation of an interactive model of reading. 
(From Ruraelhart, in Press) 
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' ■ \ Figure 2. • , • ' 

A. two dimensional siice 01 the message center. 
(From Sumelhart, in Ptes8)'v..'''^ ' 



As a^result of its analysis the hypothesis may tfe 
confirmed, -discdnf irmed ahd removed from the message 
center, or a new hypothesis* can be 'added to** the ' 
li^es'sage center.'. This proceslycontinues until some 
d.Bcision can be reached. At 'fcfKat point the - mos L 
pro^jable hypothesis is determihed to be the correct 
one. To facilitate the process, the message center 
is highly structured so tb^^ the knowledga sources 
know exactly where to find- re Levant hypotheses and ' 
so that dependencies among 'hypotheses are easily * 
determined, / '\ ' . 

The message, cente'r can' be repre'sented as a three- 
^dimeVislonal pace. . One dimension representing the 
' position along the /line of text., one diniens ion- re- . 
. presenting the 'level '.of the . hypothes is (word level, 
letter level ; purase level , etc. )\, and one dimension 
representing al ternative hypotheses at 'the same 
ley^l. Associated with each hypothesis is a running 
estimate of . the VprobajDility' that ; It is the correct 
hypothesis. Moreover, hypotheses at each level may 
have pointers to hypothese's at i^igher i or lowers levels 
on which they r^are^ ^de.pehdents^ ." Thus , for exampl'e , the 
hyppthesis ^t^hat the first word in Ja string is the 
. word the' is supported by the hypothesis that. 1 the 
first-letter bf the string is *T* and supports the 
hypotjiesis that the string begins with a noun phrase. ' 
Figure 2 illustraiies ,a two'-dimd^sibnal s lice, of .. the 
message ceAtet 'at some point during the reading df the 
phrase THE CAR, The figure illus trates hypotheses at 
five different levels (feature level, letter level, 
letter cluster level, lexi-cal level and syntactic' 
level). The ^diagram is^only a, two^dimensional'islice 
inasmuch as rjo alternative hypotheses are illuigtrated. 
/In practice, jp.f course, many alternative hypotheses " 
would be considered and evaluated. in the,. course; of • 
reading this jphrase . It shoul'd be pointed out : that 
the tree-like structure should ndt b,e' taken to*^ime3n' 
that the tree waa constructed -eithet from/a purely 
"bottom-up** process (starting witK the features, then 
-hypothesizing 't tie letters, then t^'he letter cluigter^ , ^ 
etc,),, nor from a purely v*top-doWn" analysis (starting 
with the. view'^^ that^'we ^have a. noun phrase and ^that 
noun phrases are made up of ,deterjiiiners followed, by 
nouns, etc^).i Rather, the hypotheses can be 
generated at jany. .level . -♦If it. is likely that a line 
begins' with a noun phrase, then we postulate a noun 
phrase' and Ipok for evidence. If we see features 




that suggest a *'t" as the first letter we 
postulate a **t" in- the first position and 
continue processing. If we later have Ito 
F^jc:ct eirher or both of these hypotheses 
" . little is lost. The system makes the' best . 
guesses nd checks out their implications.^ 
If these guesses are wrong, it will* take a 
bit longer, but' the system will eventually 
find some hypothe^ses at some level that it 
^ can accept," (Rumelhart,' in pr^ss) 

. 1 . ■ )' '• ^^^^ 

Schemata in Conceptually-Driyen Text-Processing 

In his proposal for/ an -interactive model of re.iui..^^^ ume^ 

(in press) /^makes it clear that there is ordinarily more than one source 

of conceptually-dr^vdtVsj^rocessing during reading^ One type of soutce 

for top-down analysis is the reader's hypothesiSr about the general kind 

of s^.^uation or context with .which the text deals.. ' A different^ type of 

source fbr ^top-tdpwta processing is the presence of specia^^"triggersV 

in the sfltuji**Lori or context (as perceived- .by the reader) ;&^hich result^;" 

in more local or specific expectations than those of the first type. 

\ ^ ' • • . , . .1, 

Let us illi^strate the' difference between these two types of ' 

sources for top-cown processing by borrowing an extended example of 

Rumelhart's. If a subject is first shown a picture of a scene (not, 

* ■ ■ -• ■ • . 

let us agree, for the present, of an activ?.ty) and is .then^ 'presented 

with a tachistoscopic exposure of a brief phrase that, according to tjie 

instructions, describes some aspect or element of the picture, then tw6 

different types of top-down processing are probably broug^ht to bear in 

the subject's reading of the phrase. The^first type of top-down 

processiife is that which has to do with the subject's expectations 

created by the instructions'. That is', the subject understands that t|Ve 

alphabetic string to be {presented -will have something to dp with t^e 

scene previously pre^ntedj^ tfeat 4t will be, in fact, a partial^ 
. . • ■ ' . >!/' 

description of that .scene. This, sort of expectation is very different 



from many ot' ' r.h the subject ^ou lave, were liC Inist^^kons 

'different- . - i.n:;Lructions > . sample, the subject- might 

• • t- -^^ ^ " " 

expect to see a phrase which was an .bs^planation of * soime aspect of the ^ 

picture; If this were the case,/ the subject would expect a Tonger * 

\ . it* • 

ph.rase than he does in the ^case of a partial description , and a phrase 

specifically relational or causative predication. ' Another exatnple 

- / ^ ^ . ' i 

of a .different sort of. expectation wliich different instructions cquld \ 

arouse is that of a prediction related to some, aspect of the picture. 

In tills case, the subject would' presumably expect that the phrase 

would contain some actional or change-^-state pred^icate, 

The second type of top-down or conceptually-driven processing 




,in the context of this experimental example of Rumel^'hart *s is the . 
•group of expectatipns. aroused by specifi^ details in the .presented . 



scene. Thus, a pi'cture of a Volkswagen parked at a gas statioi/with a 

lake, and mountains in^ the background (see Figure 3) may.be, responsible 

for^^l^ies of expfectations, such as th^t the phrase might be "A''- 

Volkswagen/* or ^'A gas station," or '/The mountain, " or "Thl^^ lake," and 

SO on. In fact, of coyrse, this is only a small fraction of the pos- 

sible specific e^fpectatlons in/ such a context, since many synonyms or 

contextually equivalent jexpressions are possible, such as^^he car," 

"The service station," knd so on. \ ^ 

• ' . „ ^ 

Now, it is all very well to specif y'^'that there are at least 

these twQjjp^f ferent types of conceptually-driven processing which must' 

be a part of the. reading process , but to do this i^. not at ail the 

same thing as showing how such coficeptually-driven processing is * 

actually accomiplished. We think that there is a great need for models 

of sf)e^ific conceptual/processing entities trhich are responsible for 



theise top-down efxects • In what follow^ we sketch an approach to 
. such a model. • • ' , 

. A /natural framework for "the construction of a model of 

^ *■ ^ •■ ' * * . •■ » . 

conceptual entities* which have both struct;ural anfl processing aspects 

. ' ^ ' ' ■ V • ' • , ' ■ ■ . 

is that of procedural semantics (Minsky, 1975; Norman, Rumelhart, &. 
'LNR, .1:9?^; Wirvogr^^, 1975). Much of what follows is, based on a par- 
/ ticular procetjural' semantics model, namely that: of.*^-the LNJl research 
, , group. . - '- ■ . ■ •, ■ ;V, 

' Above we mentioned two'" typejS of .conceptually-driven processing 



hich might be expected in the paradigm. in which a presentation of a 



#. 



picture is followed by the ;tacVrfsbos topic presentation of an alphabetic^ 
string. The effects of the two typ&s of processing can^be modeled 
within a procedural semantics system by^two> different types of schemata 
which are activated in this experlttiental context. The first type of 
conceptually-driven processing is that which involves expectations or . , 

■ " ■ . . ■ ■ • ' • \ J • , ■ 

predictions about the form of the string- which appears briefly after 

■ ^ . ■ ■ ' T . ' • ; ^ L " " 



the f|j^cture. This ii^rolves ai number of fairly explicit\predictioi« 

about syntax, /and a few expe?itations about portions of the semantic and 

• . --^ ' * • ^ • ' • ■ , , ■ ■ ' 

.• lexical content of the strings. We propose' that tHe effects of these ^ 

y • ■■ ■ " 

kinds of expectations be model^^^by a type of schema, which, for want ^ 
\\ of a be^j^r name, we will call form-schemata for the pre;sent.^ Examp^les 
of f orm-^schymata, explained in greater detail below, include a \)escrip- 

tion-Schema, an Explanation-Schema, ^ and a Prediction-Schem^. 

• ^ - ' " • I • ' ' ' ........ 

The second type of "conceptually-driven processing wbich^should 

* ^ke placs in the paradigm of picPure-thenfpbrase involves expectations 

aibbut the content of the briefly-presented alphabetic strings;* This* V ^f/^ 

processing: ca^. he thbught of as -a number of fairly explicit expectations \ ^ 

ERIC ■ ' - - ' '''' • 



with respect to the semai::tic8 and to the lexical components of an 

vftterancct In only a few cases will this type of jprocessing result 

in syntactic expectations-^ and those cases will ordinarily involve ^ 

"idiomatic^' expressions, which aire themselves much like lexical items. 

Within a procedural semantics model, the production of these types of 

expectation! can also be modeled, by the actions of another type of 

schejna, the content^schema . Examples of content'-schematai discussed 

in detail below, include a Service-Station-Schema, ^ Volkswagon-Schema, 

■* • • , ■ . * 

a Mountain-Schejna, and so on, ^ - 

In the next two sections, sbme illustrative examples of form- 

and-content'-schemata are presented, \ 

Form-'Schemata ^' , <, 

, In the experimental context which w^ have been using gs the 
basis fpr organizing this discussion, there^ are a number of, possible 
form-schemata which migh£ be activated, depending on the natur^ of the 

• ■ ■ 'i J 

instructions given to the subject, as well as on other factors. Fof 

f . ^' . H ' , 

tlie sake of the present discussion, let us aVsume that there are four 

.0 ■ , 

possible types of phrases which subjects couljS be led to expect to see 
^ follow the picture. They are descriptions , explanations , predictions , 

IT ; 

arid histories . In the example given in Rumelhart (in press) .the sort 

. ■ ' * .... 

of phrases used are descriptions. 



' ^Other factors which might be expected to contribute to» the activa 
t,ion of form^-schi^^jata must Include the subject^s previous experience with 
this experimental paradigm, ar^ the nature of his or. her perceptions of the 
preceding phrase stimuli in the current experimental block; For example, 
'if the instructions informed subjects that they would be presented wijth ' 
partial- descriptions of the picture, we would expect the Description-Schema 
to become activated, and to affect the Ld;ubject's -iriterpretations of the 
first phrase presented. If, however, the presented strings were in fact 
predictions rather than descriptions, then to the extend that subjects 
correctly manage to perceive- the true natpre of v the. pre^ntedf; phrases, their 
activations of the DescriptipnrSchema should be replaced by\a(Qtivatioi1s of 
the Prediction-Schema. , • 24 



Possible descriptions ^which' could follow a presentation of Figure 1 
include "The car," "A service station," "The car is at the service 
station," "The lake in front of the mountain," ahd so on. What kind of 
explanations might follow a presentation of Figure 1? "The car is stop- ^ 

ped in the road because i.t ran out of gas," and so forth^ ^.yredlctlorts 

.... » 
which •t:ould be presented after the subjecfigees the picture in Figure 1 

include "The car will leave soon," "The driver will get back in tfie car," 
"•"The lake will dry up," etc. Histories which could be p.resented after 
,t|B5 picture include phrases such as "The driver of the car went into the 

gas station," "The car just ran out ,of gas," and "The lake was dry last 



summer • " 



■ V 

Let's consider the structure of some of these form-schemata. 
We have chosen to represent these schemata in the format of pi^edicate 
calculus, in order that the predicdte'-argument or procedure*-parameter 

*• , . n , , ^ 

relationships (the scope relationships, in other words) shpuld^be clear. 
In order to make these schemata 'act J. ve procedures in a computer simulation 
tliey would have tt) be integrated with a pre-existlxig data base of lower- 
level* schemata, such as th6se named as sub--schemata of these schemata. 
It is our intention that the procedures here described co'uld be" inte-, 
grated^lnto one of the MEMOD data bases. (Notman, Rumelhart, & LNR, 1975), 



•such as NOUNWORLD or STORYWORLD, , 

' ' • 2 



First, consider the form of a Description-Schema, 



The use of "double curly brackets" ( | in this SGh4ma and in 
those below is intended to connote that only one of the elements enclosed 
^ in these brackets will appear in .any given instance of .the schema. Thus 
means that either a, or b or c can*be used to convl^y whatever schema this 
curly Sracket pair occurs in. All tliree ar^ expected to some extent when 
the schema they are part of has been activated. But no more- than one 
of them is possible as an Instantiation of the calling schema. 



, DESCRIPTION (OBJECT) ^ 
is when 
NOmipHRASE COBJECi) - 

EXIST (OBJECT, LOCATIVE-PREPOSITION (OBJECT, LOCATION) )[ 
POSSESS (OBJECT, QUALITY) • . 

PART:^bF" (OBJECT, PREVIOUS-^CENE) 
• . efid. 

Whatvis the meaning of the Description-Schema? It means that' 
a Description may be conveyed by any of three syntactic'-semantic devices. 
The Description'-Schema,' is "satisfied" or -activated", if any one of these 
three subschemata, are activated. ■ The first of these syntactic devices is 

simply a noun phrase whose referent is an object. (There is, "in addition 

• ■ . ■ y ' 

a restriction placed on this o15ject~-see the last line of the Description 
Schema — namely, ,that the object be part-of the previous scene shown the 
subject/reader.) The NOUNPHRASt: schema has an internal structure of its 
own, which is not discussed here, but which would, pres\^ably, include 
the full range of syntactic possibilities for noun phrases. 

The second possible syntactic-semantic ' deyice for conveying a 
description, according to the Description-Schema, is a locative sentence, 
which predicates a locative relationship between the object and some 
location. The third device is a qualitative sentence (such as "The lake 
has an island" or "The car is small"). Again, the Description-Schema 
can be satisfied if the subschemata for either one of these devices is 
activated. In any case, the restriction ^that the OBJECT mentioned in 
these sentences must be part of the just-preisented scene still holds. 

- Consider now the structyre of another form-schema, the Predic- 
't ion-Schema. ' 




' ■ ■ - ■ ■ 3 

• PREDICTION (object:^, [OBJECT-, OBJECT3 , . . . ,] ) 

is when ... 
FUTURE (Proposition (OBJECT^ , • . . [OBJECT2, OBJECT3,.,.] ..*•)) 

* ^ PART-OF (OBJECTn* PREVIOUS ^SCENE) 

f • r:: . . . ^ 

^ end. ... 

VThen the Prediction-Schema is activated, the reader expects that the 
phta^e^to be presented will be in the future tense/ The FUTURE schema 
must, then, provide for the fact that the sentence can use either the 
will construction or the be going to construction to convey the f^uture 
tense. The Prediction-Schema requires that at least one of the noun 
^phrases of the sentence (or, rather^ at least one of the arguments of the 
proposition) must l;iave for a referent an object from the previously pre- 
sented scene. 

^ Thus far we have considered only the^ top-down processing 

effects of these form-schemata. It should be pointed out that these- 
schemata are also open to the effects' of bottom-up activation. We have 
discussed the fact that these schemata excite or activate their cotnpotient 
sub-schemata when they/ themselves are activated (as a result of, say, 
the set provided by the instructions) . It should also be clear, howevei;, 
that the f orm-^schemata can themselves be activated in a bottom-up,' data-- 
driven faqhion, when their own subscheiuata happen to become activated 
independently. For example, if the FUTURE schema were to become activated 
as a res'ult of syntactic or lexical processing on a phrase (e.g., the 
phrase^ is going to would ordi^^-^ ''V- ^-nsult in the~ activation of the 



3 

■ The use of square brackets to enclose some of the paraiv;.:i; ars 
of a schema indicates that those parameters have optional status. This 
means that only one of the objects from the scene need' be mentioned in 
tlje prediction, but that other obj'ects can optionally be included. > 
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FUTURE schema), then this alone would be enough to at least partially 
activate the Prediction-Schema. Mutual activation works both ways (see^ 
Levin, 1976, for a discussion). 

Fo'rm-Schemata in a Broader Context , Although it is undou1)tedly 

? : « 

an instructive exercise to develop a theory of form-schemata within the 
restricted experimental context we have 1?een using, we would do well to 
.remember that real reading does not consist of a sequence of tachistos- 
copilly presented flashes; each one preceded by a context-setting picture. 
In natTiralistic reading, context is not ordinarily established by preceding 
pictures'. Natural texts ^re ordinarily long sequences of sentences, with 
only occasional graphic supplements in certain types of texts. The differ- 
ences between , ordinary reading and'the sort of reading which subjects do 

o 

in the experiment we have been. discussing have several consequences for- 
the application of the, schema theory of conceptually-driven processing 
to ordinary reading. One of these consequences has to do with the co- 
herence or^^unity which is an important aspect of any well-written 
lengthy text. Another consequence is related to the fact that the con- 
textual effects which result in the activation of particular content- 
schemata must be ascribed not to the presentation of a picture, but 
rather to the reader ^s ^understanding of the preceding textual material, 

Consider first the coherence or urjity of most natural texts. 
^The f onn'i-schemata which were discussed above (such as Description and 
Prediction) were designed to account in part for the order of the indi- 
vidual words of the presented phrases, In real texts, however, there is 
a]^o a partially predictable ordering of the phrases and sentences of 
the body of the text. The intended meaning of almost any naturally- 
occuring te: l cevtai; .y be grossly violated if, for example,' 
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* .z:t were to be put into random order. Rumelhart* 
. . ount for these facts about the highisr-order 
developing.' a special kind of form-sc lema <to account 
jcture of narratives which are characterized by 
nists. His "schema for stories" can be thought of 
guides readers' expectations about the sequence 
text, 

presumably, be other types of= high-order form-- 
anceptually-driven processing in the reading of 

.,^gney (1976) has suggested that textual materials 
f the four following types: narrative, explanation, 

ascription. Accepting ^this classification system, 
for which a high order text-processing schema has 

ratives .(Handler & Johnson, 19^77; Rumelhart, 1975; 

ze the processing of the other text types is pro-- 
. significance for pedagogical applications, this 

:d important field for future model-building, 

:hese four kinds of information may be found separ- 



ately or int ■■id in one text, that the knowledge derived from each 

may contribui . onceptually-driven motor performance, and that dif- ■ 

ferent kinds ci jtor performance may depend upon different amounts and 

mixtures of this knowledge. At issue here are the effects of ^^these 

-.different kinds of 'information on text-processing strategies. To examine 

this issue, it is necessary to characterize these four categories of 

information in^more 

/ , - . ^ 

As we pointed out above ^ the interest of procedural semanticists 

currently is narratives. The outstanding features of narrative 

•information; . ^fr- r .^y-related episodes , characters, and plot, set tu 

- ' -16- ' . - 
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idjici of information apart from the other thiree categories. The reader 

3 nrarrative can identify with one or mc: ± characters anc vicariously 
e: :>£T".-:ance their emotiorLS temporr-lly-or.:. events izzifcld. Nc~ ^.is 

3113 s^'-HiTalations of :tv>. ep: die flew of lii fr on which rir^e reader ':an 
: rea^t i' impression of i Tr^t-jiiacy ^.nd perse: .1 --n^--olv^iDe:nt . Narfacives 
ui-..^. are written with >..,ncrete nouns abou :.or;.crete episodes, wxth 
iL'.va-t^ ^hnical .vocabularies, and the narrativ '-^le^ uHzially are designed 
f' sy reading. Rjeadia'g narrative text is i. oser to me data-limitsd 
r ii cf processing disc-.-sed by Norman and Lj.brow (1975) than to re- 
sr^r : -limited processing. That is, words ar<i easily understood; sen--, 
tence structure is easily followed by most readers., Speed and accuracy 
of processing are not normally limited by competition for the reader's 
rrr: 3sing resources. The presence of prota^gonists in the narrative, 
ne , ;3isodic nature of the text, and the plo~ must facilitate, concep- 
-driven processing, These, features, combined with high imagery- 
TT^l' r. descriptions probably facilitate retention* These characteristics 
~i nnii^rative also make this type of information attractive for research, 
Eiowii-*er, narrative information is infrequently encountered in technical 
rrrair^ing or in the sciences, where explanatory, representational, and 
i^re^scriptive information are more common. 

We have just' characterized the reading of some texts as data- 
^llmired processing and the reading of other, more difficult texts as 
2^ soirrce-limited processing ^ using the terms introduced by Norman and 
Bobr"w (1975).^ To .some.it may^. seem that we violate the spirit of these 
r^rrni since Norman and Bobrow apply the 'data-limited^ designation . 
p- _rily to simple 'sensor^r^ processes, such as hearing a signal in 
-nniH-^ , >H6wever, Norman ic Bobrow make :r clear that the terms 
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resc urce-a- rf^a-limM ted sre absolute, ^pply only to p-Qzjf sses 

with-ln a - .lilag^r v nge of resource alloc£:::> j on. Thus, if we waire to 

consider : r.^ions i; which people are simL-l: ^'ously doing otbr r 
rescurce-den.. .img tnisks, such as shadowing o: rape-recorded me:js.age, 
as well as x^^ ^ --.^ng th- text-, then we would expe ir ail types of tr^:.. *- 
processing, Ivj^ludiir.^ nfrrratf\re reading, to* appear resource limltec. 
What we are c:jj\-^:e\:r!.i^L .;ith here, however, is n:r'-niial reading, ir -^Jh'.ch 
subjects .£3-6 nic;: .aneously trying to carr out other complex rrogxii- 

rive tasks. O^' - :U : n in parsing that some t^ole seen:, to be car^able 
of knittim: -^noil. . r ^v.; :ng novel but not while reading technical materials.) 
In normal . :.:5.c±:\i\ - l-practic-^d a ^.ult readers can be said r : behave in. 
a data-liniited ffss: . while proces.. most narrative texts-. » (There are, 
exceptions , g>s:hha?^>. or the vor:k cz r=;rtair auchors, such a: lames Joyce,, 
but it Is TLOt: c£rrra.:L -hat such texrs ran be simrly classifi as narratives 
Perf orirance , ?arr :.-:L_a rly if measured sell -ratings of unci-rrstanding , 

or b; grasp of bi-^Ocic plot structure ±r likel:" tc be uniformily nigh for 

. ■ - • ■^ 

such texts r MkT; :res of perfcrraance similax to those menticne.d above 
for narratives -vot ' j raveal muc±i poorer results for the same r£aader:s 
with more tec sicaJ^ renter ials, if, say, the same amount of reoding time 
per word were ^-^^ed to the subject-. 

Exp lama r::,^r., a form of information aW^ountered in ^11 science, 
is charac*t6riz.^c. bj Ijjxicial itenns with highl specialized referrents, 
often abstract cci^cepxs, which are related h causality more often thH^n 



Boswi^HL, :he biographer rcf Samuel Jchnson, provides an extreme 
example of data-I:i2iu.::ed processing inn readii?z He claiims to ha^e found 
Johnson weepiTig becr^iise he could n* turn tht rages of - a book as quickly 
as he could r- ^^lU -Wia* (Boswell*- seeoiS to f-'-e._. this was a tribute to 
Johnson^s amacrLn:^ tnencal faculties, ^:^t it M^^ins possible to us triiit it 
was Intended 'r^ latnaou more as a cciinment c ::: :=i dearth of • conterrr in 
his Teart^ng msi^er*.) 



by time to other abstractt concepts* Rather t ime-bar: ^d. flow of 

high imagery episc dess tlhere is a causally-bi ■• ience of description 

based on abstractions. The vocabularies used :i: „anat--.ms contain 

technical terms that may be unfamiliar to the - . and the expository 
style often is forbidding. . 

Processing for comprehens^ion of lex' ..:ems In explanatory 

information interacts with processing for highe \ ^-^Timntic structure.^ 
The reader has to work harder . to translate, r:. : i^. ~^nto a paraphrase 
equivalent that he feels he comprehends. Trrans;!<^ ^ir.; techniical terms • 
must engage a different .^et of schemata thar. reac :r. a naxrative, if 
the reader decides to try to. infer the defi" "^r: ■ zhe ter3 from the 
context, or if he decides to look in another -jurr- _ for its definition. ' 
Either of these activities becomes a major , : jt^ of the processing 
strategy. ' Some relationships among explan^ : r-. roncepts temd to be 
confusing iio keep track of and to remember. ^ci. red opposltes are 
examples; positive-negative, .0-1, high-low, -xLiT'-cr:ty carriers and 
majority carrier's-, forward biased-reverse hz^z^-z.^ Verbal explanation 
in which objects or events. are , changing stat;-^ : vm one opposite to . 
another as a consequence of other objects or • ■ .'ents changing state fi?om 
one opposite to another of ten. are very ' conf m^i ig en a first reading. 

Processing explanatory i-nformatic ::an be more resource-. 

limited than data-limited. Processing is mc' likely to be pushed into. 

-» ■ . * 

a degraded mode, in which the reader does no: fully 'oixiderstand what he 

/ ' 

is -reading. 

■ Information in the- form of represeextation describes features 
of objects. Representational .information tends contain a high pro- 
portion of graphic material to 'supplement texl. Its semantic structure 

' : - ^ ' . -19" 
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: -na • CO be closely relH:.ter ? : the structure of the Ci>j< :ing des- ^ 

^xiJ:.::^, so chat in a partis ■ .r te ihnic' . domain, say . lic equip- 

mem £irLd systenis ia the Nav represe- . .utional 'ijfif orraaczic ir:; be organized 
in v::.ie z:f. a few standard fc: itats. :r some experieiize oi_i:v these^ the 

reac >r ca. . develop schesaata " the£:-f: 5tru:ctures that will :c_.lit:ate 
subsequemr processing'^b^ mat iirial i::. raivS domain. Thci iaxrr rtiat the 
object ttnat is "he subject - the r^^pres^ntation usuaJI-; iir well ' 
defined physical and fumctitin: 1 Eirutcure must also f£^cii concep- 
tual ly-driven prc'cessin Or acc.s car. be classified int: fr.tzilies based 
on similar structures, and higer- .evel schemata can be 1... .irnijd that 
allow predictions based on. names if objects and their ' .,:t.^^ or . 
functional featirres. Furtherrrora. nEany of the schema r oit3= object 

vouil c be higihly useful for prcces_Bimg representati^onal ._-f Drmation about 
another similar object, at the conceptually-driven level. Graphic 
material in representational information would influencti p:races<Tiing 
str.itegies. Good pictorial information can quicld.y c'onvr--7 rr::Tyst<cal and 
funcitional srructmre. Block diagrannB are presumably eiasil}* converted to 
high-level schemata. Examination of blocl?^iagrams probably should 
occur early in a text~:troQessing stragegy. 

Li-ke explancftion, repr ::3entation is likely to imvoZve abstrat: 
catciepts represented by lexical L:.^s unfamiliar to he reader, and thuti 
ter:: -processing is likely to be r Tced toward the resource^ :izrited moc'^ 
Hov^-er, representatior: , involritj : as it does descriptiion c toncrete 
objc-tdis, allows the use of ci:nrent -schemata developecii frmm erjjcrrettiencin: 
' thosBH effects, which sbapld fac±lir3Xe conceptually-cr-^^^en -vcessing, 
as, for example, for relating fumttt^Dnal tp physical .?rrT;.ctuit-e ' of an 
elec tronic^ device. 



ERIC J 



■33 



Prescriptive inf or -jr. tion concerned vlth procedures. It 
j:i=s::nlhfc3 hov to do scz. .. 'Judng . We use a brcac deiiaiti.on, to include 
gsriiir^il rules for dcin^: c.c ag as well as step-by-'step instructic^s « - 

V -11 consider gen=:r^l r-^'-es of -his type, once learned, as sources 

O " 

3f r ?-riev^al schemata. r*^ can d Lrect heha lor in certain circumstancets. 

s = a'>ir:C t.--iis \^ievpo:.nr ^ the tine-beiug , . - least, although we recog-^ 
^z-z aiiat Scandura (197" 33kes a different -^e of "ruleS" in his theory 
)f ":Tti:ctured learning. 

The structure -:rescript:>ve ..z.z zTrz^tlon is 'heavily tiine-bas£;:zi . 
iiiiriiir:: performance is comp rd cf strings . - relatively simple acti^cns 
crgHnrzed by goal structu: (Rlgney and 7'-N-mt: . 19-^9; Rigney, Towne, 
King HT/i Langston, 1972). Textual Infor:: cl^r^u of this type may 
descrrihe goal structures, rsr it may descri: i:Tiysical actions, or It iiia.y 
:>e E mtxture. Zt, too, Ls often suppleinent;:id by pictures, ^nd diagrams, 
and ir may contain, as rr ^statistical algorithms, -worked out examples. 
It Is often) the ca-^i Ixia-r, In follcwing pr'-^cxiptions, it is difficult 
to tej^l^whan an intermeciate goal r*as been attaliimd, or if some error 



haE Tjrevenired its at^-jirnrierit. t^n machine lir^arrHces upon wihich serjial 



t:aslc£ are performed : : r^-n do nor prr;vide this i:.-,nd of detailed feedback. 



For- e::zmple^ wr:: :.at .ir-z^ss-cihecks, .nn error 1:11 a long statistical compu- 
tarz^bn may ziot '.r-^ y^tecn^d znmiedia::-:ely . 

* P-'res-rr Irtive information cf ten. assumes tnat the reader already 

r f 

n.-vvr^^ -jsas 'voflLd u ^.u that he can use tc complete tl]eJ prescription. 
Tlu-^ riissunption usuall applies to details r procedures^ Brown (1976) 
TUBS -airited out example of implieri procecu'es in prescriptions used 
tc t--.ich jmatheipatics. 

rht: gOal i:'r\j^ Lures tor rrescrip ns can be causally as veil 



as sequentially related. I: rha: goal is to operate a diavice, say a , 
-a^ar repeacer, the power niiiis_ turned on and otLi-r ccnzroLs mist be 
set t-D put che repeater in :.r.::e ' "Trrect mod^e. If the tc^— czideI is to 
compute the standard de* lat j^rri ::'r:^m a set of .Jbserva tions^, certain incer- 
mediate results must :oir..:ut~:iii _ir£t, Diiiferent pat":.f?ms on sequence 
relailioniships within goal s t:r-ij::r::::ires were described irr Pdgney et, al, , . 
C197.2) fcr serial casks to Di- performed on nnan/machine interf aces*^ . 
Sim! J ar patterns nn doiLbc exist In other goal structures in TJrescriptticns 
Both the sec uential and the cai-.sal structures of prescrrLDtiorus should aid 
conceptuallv-driven pro;:.essi::_z oz prescriptive tent- Procedural . schemat 
from prior experience w^irh criBer prescriptions of a similar kind would 



be u^d. Resource Irri tat i03i.H for processing prescrir?tive lext could 
relate to lack of understanding of technical terminology. iir*\ f rom gaps 
in tihe lastruc tLnns , .e. , Implicit prncedure:^. The reaaer nrlghl/ not . 
detect rbese gaps arz J ^'-e tri^d to use the la^tructions to to sometlhing 
Since prescriptions c: 'ilci var^ fr^m Msts of general! rul~s to expli it 
Ttep-by-step instrurt ' s, orcce^^sing them cc^:!lLd either: primarily 

-:5SOur'-.e-Miirl.ted or pr,ynar:::ly d3i::ir-llmited, 

Ir si:iTr:.mary , a have attc-aipted to distingu::-sh an:: -g four t; .>es 

: ::aTCtaa.l inf ?^ti- *, narr:ativ - expj^anation, represientzztion, and 
-redorlprlon , on the basis of feat: :r^s thac would irH-jenc conceptually 

riven processing. These different kinds of inf ormii ticii contain dif- 
:erent featu. es that impose procer^sing. loads .f^ iff erent structural 
levels .of tnc ^nd i hfit 6t h'^' processing' oi the^<: Lrwsrd' .i^elng d-ta- 

1 jxltfid or heing iiiifi^v^t^rce-Li^rrlic < pTocesalng sintl^ narratives, wouild 
cend: zz De :i .ita-lim:.ted . Th-f is, all levels of the text are easily 
understood, s? processing can proceed at top speec tto fill in slots of 



existing schemacic structures. Trie other tliree kinds of information 
nsay contain technical terms at the lexical level whc>e neaning is 
unknown to the reader.. Learning the meanimg of . these terms by looking 
them up outside the taxr^akes time from processing the ttexr. If the 
meaning cannot be found, comprehensrior. of the text will be degraded.^, 
The other three categories of text also oEr.en are ir»compiete rfepresenta- 
tions, expdaniatic:c3, or prescriptionis, because the atuthor assumed ^e 
^adef^could complete them by inference or already possessed the know- 
ledge or procedui;a5 the^^^a^rsij^r left cut. If these resources are not 
possessed by the reader, text-processiiig will he resource-limited. 
Strategies are likely to be different for data-limited than for resource-, 
limited processing. The latter is l±kely to be nnore heavily data-driven, 
to be slower, amd to be operating more often in a degraded mode. 

i^ctually, . is probably ncr the case that natural texts can, 
in general , be classif e^d s-impIJy as ar example cf c.-ne or another of the 
above four teoct tppes. Moat natural texts of mc-r:^ han^ a couple of pages 
prohably cx^nsist of a sequence err mixture of tfeese t^ext types. For 
example, asi electronic.^ trouble-stootlug imanuaTT oar: r be. expected to 
include exijlaiiations of the functions of certain circudts, representations' 
of the layout of the circuits, prescriptions for act^j^inl troubleshooting 
(e.g., "AAw^'ivi di:: connect the power while remiovimg the case of this 
instrunr.t'nt\ , and p.>^5ibly even i v^irratives (^^.g., '"'^-^^^ there was a young 
repainri.3r narr-d Franl. vhc rhought he would sarve tJ.me by not disconnecting 
the power before remioving the case of the .XG«-3A . . /"^^ . Of course, , it ir. 
not always true tiaat natural tesits .are a mixture af these text tyP^^- - 
Narrative* te^rts, im ^Darticular , isay sometimes be xrerj extensive, even of 
book Length, without ever being inteirrupte;d with prescriptions or explana- 
tions. Nonetheless, pedagogical materials in particular are protably 



chr;racteri2ed by mixtures of the f oui? text ^lypes. Schemata for .the 
tairree tercr types which have not yet been modeled need 'to be developed. 



CIr>nitent-Sch ?ma ta" 



V.lthin the^simple and not-wholly-natural context of the 
tachlstosccpic experiment we hav een using to discuss conceptually- ^ 

r • ^ 9 * 

•dixiven schEnnata, content schemata are fairly straightforward.-. Content-, 
scfoennat-a can vary in tomplexity, just as form-schemata can. The simplest^ 
sort of ccntent-schemata are those wfiich are closely bound to single 
lexical items (words). In the experimental paradigm, these- are the' 
concept schemata which are responsible for the subject's recognition 
that one cbject in a picture is a car, another is a lake, 'and so on. > 
Omze these (concepts have been activated (the idea of a car or the idea 
of a lake) , then the'names for these concepts, "car"' or "lake, " are 
also activated, and are thus, to'some extent, expected in the subse- ^ 
qiuBT.t tachistoscopically presented phrase. 

We will present as examples of the class, o& lexical-level 
cciTitent-schemata two iljstances, one for the concept lake and one for the 
comcept Volkswagen . Consider first^the scheraat^i^f or Volkswagens. 

VOLKSWAGEN (x) 



is >when 

:^;a,K£ ^(x, "'volkswagen'O 

ClisS (x, CAR) , ■ 

CLASS (x, VEHICLE) / 

CLASS (x, OBJECT) 

SHAPE (x, ) 

SIZE (x, ) . 

COLOR (x, variable) 
etc. . ^ ' 



Here the visual properties of 
Volkswagen? are specified 
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DRIVE (PERSON, x) 
SOMETIMES (NEED (x, GAS)) 



^Here the functional properties 
/ of Volkswagen are specified * 




end, - ' »- 

Presumably, it'is the visual properties af Volkswagens, as specifi 
subjects' -Volkswagen-schemata, ^which enable subjects to recognize the 
appropriatjB {)ortion of the Figure a^'a Volkswagen! (It as not our 
concern here to specify how ^this is accomplished; see W^stbh, 1975 for 
some recent work on ^ frames or schemata approach to visual recognition 
•problems.) Once these visual information subschemata ha^ been activated, 
as a result of visual' processing of the picture, they cause the schema 
for Volkswagens to become activated. This activation results in certain 
expectations with respect to some of the lexical items^ in the subsequently 
presented phrase'.. The only direct lexical activation as a result of the 
Volkswagen-Schema is "Vollcswagen (Perhaps we should have also included 

in the schema the alternate name "Bug.") In fact, however, the activa- 

• ' . ■ . ' ■■ ^ 

tlon of the Volkswagen-Schema not only causes the word "Volkswagen" to 
be expec^d, but also, indirectly, other lexical items. It does this by 
causing activation of other . lexical-level content schemata, which, o£ - 
bourse also have their own names. For example, the schema VOLKSWAGEN 
activates the schema CAR,- which has the iname "car." Therefore, "car" is 
another^ expected word in the phrase which the subject will 3efe after 
the presentation of the picture. * 

\ ' In some of the example sentences and phrased mentioned earlier, 

4 

r.efetence was . sometimes made to objects' which were not pictured in the • 
figure shown to the subjects. For example, Vthe driver"-^can l?e referred 
• to in a post-picture phrase. It is possible that such references are 



more difficult for subjects to perceive in a tachistoscopically pre- 
sented phrase thai^- references to^ objects which were seen. However, it 



seems likely that they are easier tcr perceive than are references to 
irrelevant of>jects, such as "the popcorn." One possible answer to how 
this mechanism of relevance is achieved is to be found in the content- 



schjemata. ' Because* the Volkswagen-Schema includes a subschema which has 
a PERSON who DRIVES the car,' there is some expectation for a reference 
to this* person, although this may 'be onlS' weakly activated. 

It should be^emembered that the^ature of the "expectations" 
we have been discussing for these particular lexical items is necessarily 
somewhat weak. There are a large number of possible lexical items, 
based on the schemata activated by the depictions of objects xn the pic- 
ture presented 'to the subjects, so not a great deal of activation can 
be alloted co any one lexical^ !*hypo thesis. " 

Another activated lexical-level content-schema is the Lake- 
Schema, which is responsible for the subject's expectation that the wor^ 
"lake" may appea.r in the, tachistoscopically presented phrase. Here is 
the schema. ' - ^ 

LAKE (x) 
J> is when 

NAME (x, "lake") 

CLASS (x, BODY-OF-WATER) 

CLASS (x, LANDSCAPE-FEATURE) 

CLASS (x, OBJECT) 

SHAPK, (x, irregular & variable) 
? SIZE (x, large & variable) 

COLOR (x, BLUE, GREEN, GRAY) ' ' 



POSSIBLE (EXIST (ISLAND^ in x)) 
etc, 

POSSIBLE CSAIL (BOAT, on x)) 

POSSIBLE (DRY-UP (x) ) 



Con::ent-schemata can, of course, be activated by other means 
than the perceptiotn of possible referents of these schemata in a picture. 
In nonjial -ng of a sentence like "Jolm asked his mother if he could 

saiL the tioat; the. Lexical-level content-schema SAIL will ordinarily 
begin to be activated slightly before the schema BOAT (simply because 
reading is normally a ^lef t-to-right process). To some extent, the prior 
activation of SAIL will facilitate the activation of BOAT, because the 
schema BOAT is a possible component of the schema SAIL. 'If the sentence 
Twere "John asked his mother to pass the gravy boat,** the lexical-level 
-content-schema GRAVY would not activate the scheina BOAT, although it 
would presumably actiWte the schema for GRAVY-DISH, which would, ^ in turn, 
result in an expectation for the. lexical item **boat,** a possible name • 
for a gravy container. Anderson &^rtm^ (1975) and Anderson, Pichert, 
Goetz, Schallert, Stevens & Trolllp (1976) have demonstrated that .contexts 
have the property of selecting* specif ic interpretations for the lexical 
items that appear in them. They show further that it is these interpre- 
tations (or instantiations of the relevant schemata) which seem 
remembered, rather than the lexical items themselves. 

.. • ^ ■ ■ •■ ■ ■ 

More Comprehensive Content-Schemata . People reading texts 

■ • . 

undoubtedly have other, more complex or more integrative, content-schemata 
at wbrk when they .are reading texts. Text understanding consists of 
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more than stringing together lexical-level concepts. Some simple 
examples of supra-lexica] schemata are included in the above schema 
for the concept lake . For example, the "POSSIBLE (SAIL (BOAT, on x))'* 
subschema conveys the notion that boats can sail on lakes. There must 
be a large number of simple schemata like this, vzhich reflect people's 
knowledge about possible relationships between objects in the world. ' 
Such schemata can be activated in reading in a number of different ways. 
The perception of a lexical item such as "boat" or "lake" whose concept- 
schema participates in such a relational schema (Ijjlke "POSSIBLE (SAIL 
(BOAT,, on LAKE))'0 results in the ' activation" of the relational .schema, 
to some extent. 

Many. more abstract content-schemata are possible. For example 

<i".':~ ■ . ■ , ■■ 

a psychologist who is familiar with the Sperling Paradigm of short-term 

memory experiments will experience 'an activation of his or her Sperling-- 

Paradigm-Article-Schema when reading a report of .such an experiment. 

At the level of greatest abstractness , the distinctions between form 

-and content-schemata become less absolute. The Sperlin'g-Paradi^m-Article- 

.Schema just mentioned surely has form characteristics as well as content 

1 ; ■ ■ . t 

.characteristics * (e.g., the activation of such a schema should mean 
expectations for. a certain format — Introduction, section^, follc^ed by 
Methodology , , fo^llowed by Results, etc.). The extremely abstract, compre- 
hensive schemata proposed for narratives (Rumelhart , '1975; Thorndyke , 
197(7 ; Handler & Johnson , 1977) have content aspects as well as form. 

Figure 4 gives some -examples of different typfes of schemata 
varying along two dim;Snsions: abstractness and the content-form dimension 



Experimental Evidence for the. Effects of Content-Schemata In Reading ■ 

What kind of experimental or observational evidence can be • 
cited in support for the kind of content-schemata we have just suggested? 
One type of experimental evidence, which supports the existence of the 
sort of context effecW-^predicted by the lexical-level content— schemata , 
is provided by Swinney and Hakes (1976), Earlier research (Foss,'l970; 
Foss and Jenkins, 1973) showed that the presence of a lexical ambiguity 
in a neutral sentence resulted in a momentary increase in processing 
complexity , as measured by -reaction time in a phoneme monitoring task. 
Swinney and Hakes showed that **at least some types of ^ prior disambiguating 
contexts 'can eliminate the processing load effect typically obtained 
following an ambiguity." (p. 688), Because one meaning for a poten- 
tially ambiguous word was activated by the context apparently only that 
meaning of the word was activated when it was read. ^-This seems, to support 
the claim inherent in the model fior lexical-level content-schemata that 
access to a concept fop a lexical item results in access to concepts for 
related words^ ' 

There is also evidence for effects, due- to content-schemata 
with larger scope than lexical-level schemata. . One of the. most ' compelling 
'demon3tration experiments" that comes to mind is a group of reading 
experiments done by Bransf ord and Johnson (1973) and some of their co- 
workers. In one experiment, for example, all sjiibjects. were required to 
read a brief passage (about 100 words). Half of the subjects^ were given 
the passage with one 'title; half saw it with. a .different title. The 
first title, was. "A Space Trip to an Inhabited -Planet. " ' The isecond was . 
"Watching a Peace March from the AOth Floor," This- was ^e text which 
followed the title: ^3 < 



-30- 



"The view was bi'eathtaking. From thie window one % 
could see the crowd below. Everything looked 
extremely small from such a'distance, but the color-. . 
ful costumes could still be seen," Everyone seemed 
to be moving in one direction in an orderly fashion 
, and tj;iere seemed to be little children as well as ' . . 
adults. The landing was gentle, and luckily the" 
atmosphere was such that no special suits had, to 
be worn.- At first there was a great deal of 
activity. Later^ when the spieech.es started, the 
crowd quieted down. The man witji the television 
camera took many shots of the setting and th^ Qrowd, 
feveryone was very friendly and seemed to be glad 
when the music started." (Bransforc' ?i Johnson, 

1973, p. 412) ^ ; , \ ; ' , ' . ' 

As can be seen, the text makes 'quite good sense when unders to/5d f rom 

|;he ^viex^oiiit of either title;^ ' But what does it medn to "make gpod • 

sense from the viewpoint of either title"? What does this mean in 

■ . ' o 

. ■ > .- ■ * ' • ' . ■ ■ ■ f 

terms the. processing the reader is doing as he reads the text? From 

the poiirbsjof view provided by the theory of content-schemata the title 

. • ■■ ' • • , • ■ ' ' . 

has th^' effepts of activating different content-schemata , one having 

to do with peace marches the other with spaceships or science-fiction. 
These schemata are mid-level content schemata. They have much larger*' 
scope than simple lexical-level schemata, but they do not have the depth 
and complexity (or many of the form characteristics) that larger schemata 
such as an episode-sxzhema might have. . ^ , 

According to our theory, wt>en oae of these schemata is acti- 
vated, it guides processing of the text. Many of the sentences in the , 
text are evidently ambiguous. Yet the feeling one has in reading the 

text, after first haying read one of the titles, is not one' bf ambiguity 

■ . _ t • . • '■ • 

at all. Because onB has formed a conceptual "set" which guides processing. 



• In fact the 5th Sentence, "the landing was gentle and luckily 
the atmosphere was such that no special suits had to be worn," does not 
make very good sense from t.h.e viewpoint of a peach march. . This sentence's 
.isignif icance in! the experiment is discussed below. 
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.each of the cone introduced by the sentences already has a "slot" 

to fit into in a xisting mental structure, the activated Peace-March- 

Schema or Spaceshi r schema. . 

Wh^t cc.uii,d be the format of such mid-level content-schemata 
in the schema framework we have been using? Here are possible structures 
for a Peace-March-Schema and a Spaceshit>-Schema . ^ 

PEACE-MARCH " ' 

^ - . 

is when . ' - 

LARGE (GATHERING -(PEOPLE)) 

■ . ■ . ORDERLY (MOVE (GATHERING (PEOPLE; down STREETS)) 

' INTEND (PEOPLE,. DEMONSTRATE (PEOPLE FAVOR (PEOPLE,* - 

PEACE)-, to POLITICIANS)) ' ' * 

POS.SIEZE (SING (HT.OPLE))' 



\ 

\ 
\ 



P OS Sir: LI (SPEAK (LEADER, to PEOPLE)) 
POSSIBLE (NEWS-COVER (MEDIA, i))^ 



enc 



SPACE5:h f/..NDING - 



. LS ' . .■ ■ 

' ■ LAND (-WC-^BHIPS, on ALIEN-PLANET) 

^ . F IB1£ (EXIST (ALLEN- CREATURES , on AL|EN-PLANET) ) 

?C::STKIE. (SIMILAR (ALIEN-CREATURES ,. HUMANS) ) 
. : . ■ ' POSSIBLE . (BREATrlABLE (ALIEN-ATMOSPHERE)) 



^It shoulfi be remembered that^scheimata such as those following 
are designed to convey hot the. authors' concepts for the^ particular ideas, 
'but rather the concepts of some mythical '^average man." Vhere' have been 
previous attempts to descriSe some important mid- level corttent schema taf 
by psychologists. Hei.der's (1958) attempt to formulate a "naive psycho- 
logy" is "One example of this.- The presetj^t work, however, has the benefit 
ot a more explicit model framework (namfej'y, procedural semantics) .than . 
did Heider's, ' ^ 



- ^The symbol J. is used to refer to the activation of the. calling 
schema itself, in this case , the activate.d Peac,6-March-5chema, 
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POSSIBLE (FRIENDLY (ALIEN-CREATURES, to HUI'lANS)) 
end. 

What evidence is there thai the two different titles resulted 
in different processing pf the text, aside from the introspective reports 
of readers that* they have different mental experiences when reading the 
same text with different titles? Recall e sentence mentioned in Foot- 
note 5, "The landing was gentle and luckily ::ie atmosphere was such that 
no special suits had to be worn." The canmp : introduced by chis sen- 
tence do not seem to fit naturally into a Pesce-^lHrch-Schema, although 
they work'well in a Spaceship-Land ing-SchBca. a post- treatment test 

of memory for the text passage, those subjeiLirs wnso xead the passage 
under ^thg^'peace march" title 'had signifiiismrly ;:ri23D!rer memory for this 
sent'ejBce than did those subjects who read the passsEe under the "space- 
ship"^\title.^ In other work (Barclay, 1973; Bransiojrd, Barclay & Franks, 
1972; Bransford .'& Franks, 1971; Johnson, Bransford, Nyberg, & Cleary, 
1972)' Btansford and his associates demonst-atsd that memory and depth 
of understanding are closely related. We may consider it likely that 
subjects who read the passage under the "tsarade" title^did not have as 
pomplete an understanding - of the anomalous sentence and its significance 
ifl the framework of the narrative as did the subjects in the other group. 
From the viewpoint of ' our theory of reading, the reason for this difference 
is, that the:activaU^^ of the Peace-March-Schema did not make any con- 
ceptually-driven processing, contribution ' to the understanding of this 



^"After hearing the passage, Ss were, asked to recall it. Most 
• sentences were recalled well except for the-one about "the landing." 
There was> extremely low tecall for this sentence, and Ss noted that, there 
was one sentence- (i.e. , about , a landing) .that they could not understand. 
Even when presented with" a "cue outline" (e .g. ^ Luckily the landing 

- a nd the atmospher e , .). Ss exhibited very low ability to 

remember what the sentence was about." —Bransford & McCarrell, 1974, 
p.207. , . ■ 



•particular- sentence during ^reading. For those subjects who experienced 
an djctivation of the? Spaceship-Landing-^Schema, however there was an 

important conceptually-driven contribution to the understanding of this 

' " ■ * "■ ' , * ■ 

sentence* 

. . Schallert^s (1976) work can be viewed as a replication of the 

underlying findings of Bransford & Johnson (1973) .. w^^ith more nearly 

precise control of the structure of the texts. Subjects read p^agraph 

. ' ft , ' ■ 

which were specifically conSitructed to be ambiguous, each having two" 

' • . . . ■. ' ■ 

coherent and distinct' semantic readings. The two titles prepared for 
each text determined which reading was appropriate. The results showee^d 
t:hat when subjects prace<?sed a texr i-or meaning, the natrrra .of their 
imenDries for the ^texr *Ffrre partiall_:y determin-ed by the preceding titlo. 

What possibi-: significana- for application to adult reading 
strategies do the results of Bransford arid Johnson's experiment have,, 
when viewed from the perspective of ouf theory? They suggest that 
maximum understanding, memory, and efficiency in processing obtain 
when reader^ have experienced prior activation, of the- appropriate 
mid-level coiiitent-schema. One prosaic application of this, suggestion 
is that texts should be written v;ith appropriate headings , that is, ■ 
those which will cause the activation cT schemata "^rhich have slots for 
the major concepts presented in the portion, of . text following tihat 
.heading. Another possible application would be to train adult readers 
to make' more effective use of headings. For example, if a reader 
thought briefly about each heading before actually reading a textV he 
•might begin the reading task with a very good idea. of the meaning of 
the ^text , due to the activation of a number of content-schemata of 
varying scapes. This seems to be an important aspect of a pumber of 



reading Improvement courses, such as the Evelyn Wood Reading Dynamics;, 
program. This kind of application is discussed in detail below: 
Still another way in which readers :an be brought to experience the 
activations of facilitative content-schemata is for them to read some 
simple, short, prepared summary of the text first. Educational psycho- 
logists have explored tk^ of such summaries ^d related preparatory 
TBsrerials, whicr: they call "advance organizers-" For recent reviews of 
This lire ranure, see Faw & Waller (1976). and Hartley h Davles (1976). 
Ir has been, noted i^^t :^ne of the greatest problems, with Ihis area of 
t^^v^cational resear- . is the lack of a cohesive theoretical framework 
fcT characteriziui; r comparing particular advance organizers. It may 
be ::hat the theory or content-schemata we have described, when coupled 
with a framework fo. producing summaries such as that proposed in Rumel- . 
hart (1975), could provide such a framework for analyzing advance 
organizers. ^ ^ 4 

Application to Adult Reading Strategies . 
Rumelhart does not deal with our major interest here, . intentional 

ccntrol over the reaiing processor. "He has. described an automatic, pro^ 

t ' ■ If . . . . ■ ■ ' • * 

babilistic processor. It seems clear to us that, superimposed on this, , 

thfere must be a control structure, an executive level, that can assign 
different .kinds of priDcessing tasks to the reading processor. Most text 
contains a., variety of different kinds of information; it is a kind of 
information fruit cake. The resources ot the reading processor, can be 
deployed to satisfy a. variety of different kinds of goals associated 
wxth surface structure and deep structure, and to satisfy one goal there 
may be more than ore processing strategy. For example, ^ we are read- 
ing for meaning, we zan continue to pick up . information on successive 

48 .' ' . ' ' 
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passes (many experimental stradies of reading allow only one, pass) , 
We can set our reading processor for different subgoals on each pass, 
or for a tnaximuin compre"liension on each pass. We can skip around, not 
fallowing the serial topography, or we can follow it. We can review 
our retention of what we just read, or net, betweein passes. We can 
regulate the Amount of processing capacity ve ex;: ;nd, from low-concen- 
tration skinmiing to high-concentration reading. We can r6ad witVi the 
intention to remeanber, or with some short-term goal in mind that does 
not li'equlre long-terrm retenxian (e .g looking up a tel=fphone number). 
The common denominator of all text processing strategies seems to be 
limited" input capacity. It is not ar accident that the information 
in texts is packed in serial strings. 

Suppbsing'^'that the theories oiitlined above offer a reasonable 

■ % .■ 

way for us to ttjy to understand*^sQme of ,the effects of conceptually- 
driven processing iq reading. Do they have any^^plicability to adult ^ 
reading strategies? We think that they do, arid that, to some extent, 
they help to explain, thtr^f feet iveness of the commercial reading 
ef f ectiiveness courrses approach, discussed below under Extractive-Multi- 
pass Strategies. ' k V - 
Text-Processing Strategies 2-* 

We will group these as . single-pass strategies and multi-pass 
strategie'S. In what follows, we attem^it to delineate basic strategies 
for understanding text. That, i"^, we'^assume that the .reader has the 
task of understanding all or a selected part of, a tkxt passage. We will 
leave for subsequent consideration the influences of other orienting 
tasks, noting in passing that the literature contains many examples of 
the effects of different orienting tasks on word, sentence, and text 
processing. One of the most striking is the demonstration by Aaronson 



«^^nd ^Scarborough (1976) that^ sub : ccts who were told they would hcfve to, 
recall sentences word-for-word used different word-by-word .reading- 
times itid patterns than subjects instructed simply r to comprehend the 
sentences. During reading, recall subjects spent an average of 181 msec 
more' per word than comprehension subjects, and, their phrase structure 
^ processing pat^terns- were.markedly different. We also recogriize that text 
in textbooks often is supplemented by review questions, exercises, or- 
problems; and that the reader can choose to use or be taught to use 
rehearsal, or mental imagery, or other learning:, strategies. For a 
.preliminary discussion of these issues, see Rigney (1976). 

Single-Pass Strategies . It might be possible for a reader to 
'^start at the>eginning of a text, with the first word, and read it word- 
by-word straight tlirough to the e-d, without loakir^i ahead or looking 
back. The reader would attemflt tc comprehend the tssct on one trip 
through. However, eye-movement studies indicate tast s':.rict,- word-by- . 
word processing seldom occurs. Reaiders may look back at parts of sen- 
tences, or look ahead, or cross sentence and paragraph boundaries in the 
search for meaning. For experimental ■ purposes , it tie^' be necessary to 
force an appr^jcimation of strict' s^le-pass processing. A necessary 
condition is segmented presentation, of the text, word-by-word, sentence- 
by-sentence, or frame-by-frame, to prevent non-sequential visual 
scanning strategies. .Auditory presentation often is used, although this 
adds the requirement for phonemic praces sing , and drops the requirement 
for graphemic processing. Strict single-pass processing can be forced, . 
as in Thorndyke^s study, by pabed presentation, e.g.'; onte line at a time 
for 5 seconds. Even here, it seems likely that studei/ts might pcan 
.- back and forth on the line durfng the 5 seconds. strict single-pass 



strategies are allowed by sec^uential programmed instruction frames 

which may contain more visible information, and? may require additional. 

procesaixig in a frame. Th'B student processes the module, answers a 

CLuestiori about it, and goes. on if cdrrect or reprocesses it if not. The 

frame could be shown briefly and then removed. 

There seem to be - several things wrong vJltji single-pass proces- 

sing strategies. For example, they reduce the scope of the input for top- 

.... . , . \ \ . ■ ' 

down processing, using the topography of the page, and skipping about 

across sentence and paragraph boundaries to pick up clues to higher-level 
structure. ^ Clues to this structure must be accumulated word-by-word 
and sentence-by-sentence, before it can be predicted from prior* experience 
with^similar material/ This could limit the contributions of conceptually 
driven Jjroc^ssing. 

Some kinds o^single-pass strategies may be effective for pro- 
cessing some kinds of text. In conceptually dense, technical material, 
there can be many" technical terms that are not explained in the text.;.. 
The student may have to gearch for explanations of these terms and re'- 
write the sentences, .one by one, substituting 'the explanations, before 
he can comprehend the passage made up of the sentences. T,his seems to 
be a matter of translating the data iato equivalent, analogical or irieta-- 
phbrical forms, that can be used by- conceptually-driven processing. Thi's 

is one. way " bf achieving understanding of conceptually dense text.. 

< ' . ■' ' - 

Multi-Pass Strat egi es. Single-pass strategies discussed above 

' "^^ . ■ • 

are .based on the idea tha,t 'all the' information in the text can be ex- 
tracted on one. trip through. It is the acquisition of ideas, rather 
than thfe acquisition of words, that distinguishesv single-pasj !~'rom. 
multiple-pass\ strategies. The basis for multi-pass strategies is that 
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several passes could be more effective than a single-pass. Putting 

' r 

text on pages and brdering pages in sequence allows the reader to 
select any part of the text he please^ to process next^He can . 
cross over sentence, line, paragraph, and page boundaries any time he 
chooses,. He can go back and reread a phrase or sentence he does not 
understand, or look ahead to get some idea of higher levels of organi- 
za^ion, or sk^p over material he. already understands or that is not 
relevant to hi^ goal. He can selectively prpcessTo satisfy some " . 
non-semantic objective, ignoring the information in the text. How 
should he use this power and flexibility of his text processor? 

It seems to us that these strategies should utilize the 
power of conceptually-dtiven processing in. the top-down, bottom-up 
model. Heretofore, ^the implications of conceptually-driven processing 
in text comprehension seem to have bfeen overlooked. Yet, it is clear 
that it is of overwhelming importance. Most of the time, when we are 
reading, we are acquiring new information from data that consists of 
utterly familiar patterns of letters in words, words in sentences, and 
sentences in paragraphs.. From whance comes the new information? ' 

• ' It may be useful to distinguish among the different kinds of 
multi-pass Strategies on^ the basis of how the text processo^; is used in' 
each pass. Tentatively, We identify, exhaustive, extractive, and selec- 

• • » — - _ ^ - 

tive types. , 

Exhaustive Multi-Pass Strategies . The, exhaustive* multi-pass ^ 

^strat'egy concentrates on full comprehension on^each pass. We all have 

had the experience of reading a passage, say a chapter in a textbook, 

for a second or thi;:d' time ^nd ea^h time realizing that we are acquiring 

. more information. The..exhau8tive multi-pass strategy probably is fairly 



common]^ used by students. It is simple to apply. Th^ reader finds a 
quiet environment, sits down with the text, and reads it through with 
as much concentration as possible, and then reads it again wi^h deep 
concentration, and so on. Management of intervals between readings is j 
important,: How long .should they be? What should. go on in these intervals 
Evidence in the literature is equivocal, although the reader probably 
should not read similar material during the interval, and the interval 
probably, should not be too long. The interval could be used^ f or a review 
of what was read. This will reveal irregularities in recall. Recall is 
likely to be good for top-^level strub^rei not so good for details, at 
least for narrative information (Thorndyke, 19/7; Mdndler & Jbhnson, 1977) 
Review might uncover gaps in knowledge that otherwise would not be remembe 
e.d from the first pass, but the review itself is likely to be selective. 
Whether review is done or not done, the next reading is likely to be 
different thaii the first. It will be more selective and less compce-.^ 
hensive, concentrating on parts of the ttat remembered to be; difficult , 
skltaming parts remembered to be of little importance, or already known, 
Whalt seems to happen as^a consequence of top-down, bottom-up inter- 
actions jiuring. the preceding pass yis that confusion and some anxiety 
will be generated over passages that were not: well under3tood; These 
feellngs'^will motivate the reader to direct his text^ processor to con- 
centrate- on these confusing passages the next time. There is a tendency,, 
then, for the exhaustive multi-pass strategy to be conceptually-driven * 
toward the extractive multi-pass strjategy on successive passes. 

Extractive Multi-Pass Strategies , For non-triv^l passages, 
^say a chapter in a textbook, one' reading will not suffice to store all ; 
the information In the ^hapter in LTM, or to make all of it retrievable- 



from LTM. If interactions between top--down and bottom-up processing 
tend to make successive passes extractive, why not teach extractive 
multi-pass strategies? The studenj:\might be taught to look for overall 



structure, for terms he does not kno\^, for . summarizing sentehces, for 
style of exposition, for different "Iclnds of processing ♦ tasks, etc. 
The assumption Js that relatively quick, extractive passes might accumu- ^ ^^i*t^ 
.late contextual information that .would be extremely useful for the top- 
down part.of tht» text processor to use in guiding processing. If the 
context could be established early in LTM, could the ac<Juisition of 
detailed information then proceed on an extractive basis? Multi-gass 
extractive processing seems to work well for reading the -journals. 
Studies i*n Cognitive Psychology ,. Memory and Cognition, or any other 
scientific journal haVe a standard format dictated by the editoriail 
policy. One multi-pass extractive processing strategy used to uncjer- 
stand articles in these journals could be: " , ^ 

^ 1. Read the title and summa'ry. Do. these descx;ibe what the ^ 

experiment is about? If no^t, read, a >few sentences of \ \ 

the., introduction fo^ additional clues. ' , \ 

2. Look for tables or figures' that summarize results and . . 

give labels of main variables. Try *to get some idea oij^r - 
wh^t happened. ^ * . * 
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3. Read the final/discussion or summary. These give more ; 
clues to what the author thought he was doing.. 

• 4. Read part or all of the niethods and procedures 3ection 
to get some idea 'of^ the episodic structure of the 
experimental design. 

5. Look for answers to unansweted questions or passageis. that 
* . . will reduce confusion. 

6. Mentally review your understanding of what was dane, 
found, and concluded. . ^ 

The Evelyn Wood reading dynamics approach seems to be the 

leading example of an e3Ctractive multi-pass striategy. Successful graduates 



of the EW classes "read" texts much faster rate than- they did 

before training. (We use scare quotes here only because some might 
object to the use of the term "read" whe:. the reader does not actuaiiy 
see every word in the text. For our part, we feel that this ±s_ reading 
if the reader gets just as complete an understanding as would be the case 
^ if every word had been read,) In addition, they usually seem to compre- 
hend or remember more of what they read, based on niultiple-choice measures 
of grasp-of-content developed by the EW staff. This seems like ah anoma- 
lous result, since we In psychology ordinarily expect to find speed- 
accuracy trade-offs. Yet it is explicable, we think, if we understand 
some of the EW techniques in terms^of the schemata theory outlined above. 
One of the most important rules that EW graduates are supposed to follow, 
particularly when they are reading technical material, is to preview 
the material. The previewing is done in several passes. First, the 
reader pages through the text looking at major headings, picture captions, 
and diagrams. During this process, he or she is to try to form hypotheses 
about the major points made by the text . Then the reader make^ a second 
pass through the material, this tinle^ a slower and more detailed one. 
Using the ^hypotheses formed in the first pass, the reader tries to form 
• a number of partiai^y independent hypotheses about the detailed points 
made by the text. On this pass, he or she tries to notice vocabulary 
Items or concepts which are unfamiliar, with the intention of seeking the - 
meaning of these items during the actual reading of the text. If the 
reader feels uncertain about the overall structure of the text or abc/ut 
the purpose of some subsection of the text, a third pass or a parti 
pass is also perfonned.-^ Only when the major ideas are firmly fixed !^n 
the mind of the readier does he or she finally "read" the text. As a 
result of tifaining in self-forced pacing of eye movements, this final 
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reading is done quite quickly, but it is not our interest here to 
deal with the nature of the speed training, but rather only the compre- 
hension training. 

The ef f-ectiveness of the EW previewing techniques can be 
understood in terms of the theory cf fonri~and content-schemata discussed 
above • The'^^irst pass can be thought of as an attempt to activate an 
appropriate high-level textual schema, or, rather, a number of high-level 
schemata of both types (form and content). If the reader was not aware 
of the top-level form-schema appropriate to the text (i.e., whether the 
text was primarily a narrative, a. prescription, a representation, or an 
explanation), this pass should 'activate the appropriate schema. In - 
addition, some top-level content-schema should be activated by the first 
pass — the reader should experience an activation of his Psychology- ■ 
Experiment-Report-Schema when he looks through a short text and dis- 
covers headings like "Methodology,** ''Results,** ''Discussion,** and recog- 
nizable psychological terms in the title and figure captions. (This 
example is true, of course, only in the case of those readers who are 
f amilar with articles on experimental psychology) . In those cases in 
which knowledge of the topic matter can be extremely specialized, an- . 
even more detailed and explicit ' top-level content-schema can be activated, 
on the first pass. Thus,' some psychologists might preview a certain 
article and experience an activation of a "Sperling-Paradigm-Article- 
Schema," rather thali the more general "Psychology-Experimeiit-Report- 
Schema/'. The important notion provided by the schema-theory approach ^ 
to i;:eading is that previewing can activate schemata which might have bene- 
ficial conceptually-driven processing effects in reading. 

The second pass, which is guided, to some extent, by the schema 
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activated by the first pass, shoulti result in the activation of some 
more explicit, lower-level content-schemata. Some of these schemata 
will.be lexicaHevel content-schemata, activated by the presence of 
particular words in the bits of text read by the previewer. The reader 
naturally tries to fit these activated schemata into the structure pro- 
vided by the top-level schema • * ' 

During these passes through the text, the reader is building 
up a conceptual representation of ti the entire text^in a sort of outline 
form. When the e^ctual reading of the text begins, he or' she does not 
need to see every word, because most of what the 'text says is already 
known. ?4eading is, then more a process of filling in the gaps in an 
established;^ knowledge structure, rather than a process of creating an 
entire knowledge structure from scratch, essentially in a bottom-up,- 
data-driven manner. 

Why is it, then, that students of the EW method of reading 
appear to be capable of processing more information per unit time? We 
would prefer not to believe that EW graduates have significantly larger 
STM buffers or significantly faster-read-in and read-out of STM. What 
other options are there? Perhaps the nature of what is stored in STM 
is different. Specifically, perhaps the EW graduate processes the text 
in significantly larger chunks. Because the EW grad has deliberately 

nought about the activation of a large number of top-leve;l and mid-level 
schemata, the text can be understood in terms of these complex, integra- 
tive concepts as it is being read . When^his works, it is not necessary 
for the reader to first store in memory each of the low-level, lexically- 
bound concepts in STM in sequence, and only then to figure out what the 
^unifying, integrative concept is that captures all of these. _ Instead, 
the higherrlevel concept schema is already activated, ^ aiid the lexical- 
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^ level units need only be superficially checked to ensure that they fill 

their expected roles in the integrative schema. 

Selective Multi-Pass Stragegies . Obviously, the type of 
multi-pass strategy that is most effective will be strongly influenced 
' by the objectives of the reader and by the type of text to be processed. 
No, one ever needs to learn absolutely everything in a passage of text, 
from physical topography to deepest deep structure. Less exhaustive 
objectives arer the rule. It is essential that the objectives be clearly 
specii^ed sincfe they will determine the processing strategies that could 

be useful. 1 ^ 

In all text processing strategies "discussed so far, the top 
level goal was assumed to be achievement of some reasonable level of 
comprehension of all the text. Of course, these strategies could be 
^ applied to a page, a chapter, a book. The segment of text has to be 

defined, 

A^more limited objective is very coiuaon, and is particularly 
important in relation to job performance requirements. The reader's 
needs for information from processing a text are established by a re- ^ 
quirement. to perform some task or function. He must find information 
in the text. that will help him meet bis requirement, and he wishes to 
learn only that information. He must be able to -identify information 
. he does not want to learn as well as information he needs. In such cases, 
it is particularly important that the learner not adopt an exhaustive 
reading strategy, since this is extremely inefficient when only a small 
part of the total information in the text is needed. , 

One. strategy which may work well when the reader has a limited 
and specific objective with respect to selecting information from. the %, . 
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text Is for the reader to begin, not by reading some portion of the 
text, but by thinking deeply about his objective before using the text. 
By thinking about the objective and relating .it tc what he already knows, 
the reader activates numDer of content-schemata which should be rele- 
vant to his objective. These activations may . include the activation ^of 
some specific lexical itens for which the content-schemata are incomplete. 
If this is so, these lexical items can serve to initiate the first use of. 
the index or table of contents of the text, if the text is provided with 
these self-directional aids. Even if the text is not so provided, the 
readtTT can begin his processing of the text by skimming , searching for 
instances of these poorly, understood t^ms or semantically^ relatecf terms 
in the text. Hopefully, an^rea of the text rich in such terras might 
contain the solution to his problem. , ^ ' . 

This type of 'multi-pass strategy is heavily concerned with 
locating appropriate information. By its continual use, the reader 
would be expected to learn schemata relating to text-searching strate- 
gies. In the professions j the volume of the^ literature often forces 
the use of this selective strategy , with the consequence that profes- 
sionals are likely to have a good store of knowledge about where infor- 
mation about topics is located in scientific journals and books, and 
about who did the studies. ^ ^ 

Since the selective multi-pass strategy is a valuable tool in 
job environments in which the reader must direct his own text-processing 
to achieve learning objectives that will allow him to accomplish specific 
performance requirements, this strategy is the subject of a more intensive 
treatment elsewhere. . " 
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